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TRANSMISSION SYSTEMS

A NEW GENERATION OF PRODUCTS FOR THE ACCESS NETWORK

A TOTAL FIBRE MANAGEMENT

SOLUTION

British Telecom (BT) has many years experience in Fibre Optic Transmission Systems

and Infrastructures. This experience, when applied to the Access part of the network,

resulted in the formation of a new set of fibre infrastructure requirements. This is

BT's Optical Telecommunications Infrastructure for the Access Network, OTIAN [6, 7].

Invited by BT, Raychem has designed and developed a Fibre Infrastructure System

Technology (FIST) to meet all Fibre Access Network requirements.

his report investigates the optical
performance of this range of plant
under two criteria:
Firstly, the evaluation and measure-
ment of infrastructure loss mecha

J. FRANCKX, KESSEL-LO,
AND J. PEACOCK, LONDON

nisms, and secondly, the assessment of

the Raychem FIST product as a fibre

delivery system with respect to the BT

OTIAN criteria (philosophies).

The OTIAN philosophy calls for a ‘To-

tal Fibre Management Solution’

which:

— can create a stable optical
platform

— provides network flexibility

— is future-proof

— is an end-to-end solution

— improves the quality of service

- integrates with existing
infrastructure

— is cost-efficient

OTIAN™ js a trademark of
British Telecommunications plc.
FIST™ is a trademark of
Raychem Ltd.
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Infrastructure
fibre loss mechanisms

There are a variety of well-document-
ed optical fibre loss mechanisms [4, 5].
This paper, however, studies losses in-
duced by particular network opera-
tions or events. These infrastructure
fibre loss mechanisms are almost en-
tirely due to macro- and micro-bend-
ing effects. This paper examines the
hypothesis that :

— optical fibre in the Access Network
is subject to a high level of han-
dling

— losses will occur in fibres associated
with the handling operation

— the losses induced are static and/or
transient in nature

— there is a significant probability
that the losses are system-affecting

— the above loss mechanism can be
reduced to a non-service-affecting
level by careful design of infra-
structure plant elements
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Fig. 1.
Correlation of the probability of a system-effecting error for a given system margin distrib-
ution. For example, point A shows that for a system with a system margin of £ 6 db, there
is a probability > 30 % that there will be errors due to transient effects.
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TRANSMISSION SYSTEMS

BT investigation

Previous investigations [3] have out-

PROBABILITY lined an ‘induced’ infrastructure loss

dBm known as ‘transient loss’. This loss is

-30 associated with fibre handling and
Probability 10,0006 other network operations.

321 In order to try and quantify the cause-

Power level and-effect relationship  between

sl 2.4B Transiant thrashaid — 0,0004 these losses and system performance,
a laboratory experiment was conduct-
36 — — 0,0002

ed. A series of handling operations
were carried out over a 1550-nm
transmission system operating at
0 140 Mbits with a return-to-zero code.
The results showed significant fibre
losses and highlighted the importance
of system margin in determining the
i o B R error effect on a system. By examining
the occurrence of system errors, the
Fig. 2. Probability of error for a given system and transient. probability of a system-affecting loss
occurring was quantified. Comparing
this probability as a function of sys-
tem margin, with estimates of current
and future system margin profiles,
one can approximate the likely effect
on an optical system.
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Figure 1 illustrates this relationship.
—— One can see that there is a significant
probability that an access network
A POWER LEVEL system of this type will be effected by
z transient loss.
S -40.2 This investigation was confined to
3 403 one particular system configuration.
5 The effect and results cannot be read-
= -40.4 ily applied to all systems due to the
:‘:;__405 complex relationship between several
10 . %o key parameters such as:
Time (min)
B — receiver characteristics
-40.4 AGC response
E 1 1 = noise
2 :22‘3 line code
g - system characteristics
-41.4 system margin
-E bit rate
S :2;:2 — static characteristics
10 20 30 loss
Tarmis (i) reflections
c wavelength
= =i - dynamic characteristics
é A ! ! (induced transient loss)
= .410 magnitude of loss
g duration
'Tf -41.4 rate of change
] :‘:;'i One can, however, derive a more gen-
10 20 30 40 50 eral approximation by utilizing the
Time (min) static relationship between the signal-
O to-noise ratio and the probability of
error for a binary signal [1] (1).
Fig. 3. Optical power level for organiser A, B, C.
pe) = #erfc SN " (1)
e) = L errc m
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Fig. 4.

Highest measured transient loss. During normal operations organizers with multiple fibres
on organizer trays (B, C) exhibited a high level of transients, whilst the organizer with
single-circuit management (A) showed practically no losses. Another key factor was found
to be the degree of fibre management both onto and from the organizer trays.

Applying this relationship to a theo-
retical system for a given transient
yields a probability of error profile.
One such condition can be represent-
ed by a 'hat’ transient.

Figure 2 shows both the effect on re-
ceived power and the corresponding
estimated probability of error. Note
that the probability only arises after a
threshold of approximately 2 db is
reached. Practical tests carried out
over the BT optical reference test net-
work recorded results well in excess of
this value and concluded that the
‘transient loss’ phenomenon was a
highly significant factor in assessing
the performance of an optical fibre
infrastructure.

Raychem investigation

BT OTIAN requirements have been
generated to address all the issues as-
sociated with deploying optical fibre
in the Access Network. OTIAN sets out
to remove or reduce optical loss
mechanism to a non-system-affecting
level. Raychem has designed and de-
veloped the FIST range of products to
meet these requirements.

In order to establish the optical per-
formance of these products, a labora-
tory experiment was conducted. The
FIST product (organizer A) and a selec-
tion of conventional fibre organizer
(B and C) trays were placed under test.
The optical power (at 1550 nm) was
continuously monitored, whilst the
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organizer trays underwent typical
handling operations.

Figure 3 shows the typical resultant
data for each organizer type (A, B, Q).
A series of significant optical losses
was noted, each loss being associated
with a particular organizer operation.
Organizer C has the highest number
of loss events, while organizer A typi-
cally showed none. As well as the fre-
quency of such events, the magnitude
is also a critical factor. Figure 4 shows
the highest transient loss measured.
This was seen on organizer C and has
a value of 5.6 db. This is well in excess
of the BT threshold value of 2 db. The
maximum loss recorded for the FIST
product (A) was 0.5 db.

Figure 5 compares the maximum
recorded loss for each organizer. The
maximum loss was found to occur
when a non-active fibre was reac-
cessed. This is considered to be a com-
mon requirement in the Access Net-
work. It was observed that the varia-
tion in optical performance amongst
the organizers was due solely to the
degree of fibre management incorpo-
rated into the plant design.

Comparative analysis

Testing carried out by BT showed
transient loss on the FIST product not
exceeding 0.7 db. Testing was carried
out in field conditions as well as labo-
ratory conditions. This value compares
with the Raychem measurement of
maximum loss, which was 0.5 db. The
correlation is sufficient to give a high
degree of confidence in both sets of
independent data.

Optical fibre delivery
system

The minimization or elimination of
loss due to fibre handling is only one
of many of the BT OTIAN require-
ments. These requirements outline
the performance for a complete mul-
ti-functional fibre delivery system. In
order to assess the Raychem FIST
products against this criteria, it is ap-
propriate to examine how the plant
addresses the OTIAN philosophies.
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Fig. 5. Comparison between the highest transient for each organizer type.
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Fig. 6. FIST single-circuit subassembly.

Stable optical platform

Stability in the network is derived
from the avoidance of service-affect-
ing events. This philosophy calls for a
total fibre management solution in
infrastructure plant design. Stability
must be maintained so that there is
no effect on customer service even
when the network is re-entered and
fibres are accessed.

FIST products address this require-
ment by managing fibre on a single-
circuit, subassembly basis. This means
that for the part of the network
where reaccess is required, customer-
specific fibres are managed separately
on a series of fibre splice trays. These
trays then form subassemblies as illus-
trated in Figure 6. In addition, all fi-
bres routed to and from the trays are
completely managed. As identified
earlier in this paper, this design ap-
proach greatly reduces the probability

Fig. 8. FIST shelf and box units.

of a service-affecting fault due to net-
work intervention.

Network flexibility

The infrastructure deployed must, by
design, have the ability to be config-
ured in many ways so that the best fit
can be made between the infrastruc-
ture and the variable Access Network
topology.

To address this, a modular approach
to plant design has been applied. This
has resulted in a small family of sub-
assemblies, which can be configured
together to generate many infrastruc-
ture architectures (Fig. 6 and 7). The
facility to create cable loops within
FIST joints provides complete flexibili-
ty in the allocation of fibre to a given
area.

Future proof

The infrastructure must not prohibit
the deployment of any future fibre-
based technology. It must cater for
point-to-point and point-to-multi-
point systems. The selection and man-
agement of fibre and components
should not prohibit the exploitation
of any optical window. The infrastruc-
ture should cater for the variations in
network fibre demand.

The FIST solution can be used for both
point-to-point and point-to-multi-
point networks. By designing a total
fibre management solution and by
tight control of all fibre components
(e.g. optical splitters), the exploitation
of any optical window is not compro-

TRANSMISSION SYSTEMS

Fig. 7. FIST generic joint.

mized by the infrastructure elements
or by fibre re-access.

End-to-end solution

Optical performance is best measured
and stability maintained if a single so-
lution is used from the point of opti-
cal transmission to the point of recep-
tion.

There are also perceived cost and
training-installation benefits associat-
ed with this philosophy.

FIST is a complete end-to-end optical
fibre access network solution. It has a
range of products for the Exchange,
External Network and Customer
premises.

Network reliability, stability, efficiency

CoMTEC 3/1996
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and cost can now be measured, con-
trolled and associated with a particu-
lar company or OTIAN solution.

Improved quality of service

The infrastructure should increase
network reliability and performance,
whilst decreasing customer provision
times, down time, disruption and cost.
The FIST solution allows networks to
be built in a ring structure. This pro-
vides route diversity, which greatly in-
creases the quality of service.

The BT- and Raychem-shared under-
standing and research into compo-
nent reliability ensures effective qual-
ity controls on all key fibre compo-
nents. The FIST solution ensures net-
work  stability, ~which increases
network performance.

Integration with existing
infrastructure

Existing infrastructure represents con-
siderable investment. The develop-
ment of any new infrastructure item
should exploit to the full all existing
infrastructure build that falls within
the functionality and performance cri-
teria of the new infrastructure build.
The modular design of FIST makes it
adaptable to existing infrastructure
elements such as rack, joint, cabinate
and box types. The fibre management
and dimensioning of the joints are
adaptable to a variety of civil struc-
tures and cable types.

Cost efficiency

Through infrastructure design and in-
stallation practice, every avenue must
be explored in order to make the net-
work more cost-efficient.

The FIST solution exploits the design
principles of modularity and common-
ality. This is a recognized method for
cost reduction. It also has the poten-
tial to reduce operator cost in the ar-
eas of :

- reduced installation times

- reduced training overhead

The cable-loop facility allows for the
cost-effective distribution of optical
fibre throughout the network. This
facility avoids the over-provision of
network capacity and hence can re-
duce the overall cost per line.

28

References

1. Palsis, C.: Fibre optics communications, Prentice-Hall, 2nd ed., 1988.

2. Senior, J. M.: Optical fibre communications - principles and practice, Prentice-Hall, 1985.

3. Peacock, J: Measurement of optical transient attenuation losses and their effect on
deployed optical systems in the BT Network, Electronics Letters, September 1994.

4. Marcuse, D.: Curvature loss for optical fibre, J. Opt. Soc. Am., Vol. 66, No. 3, March 1976.

5. Barlow, A. J,, Ficke, W. H., Voots: Determination of stress optic effect in optical fibres,

NIST 839, 1992.

6. Dalgoutte, D., Hewins, A. R., Hornung, S., Peacock, J.: OTIAN - an outside plant system
for the access network, EFOC & N 94, June 1994, pp. 37-40.

7. Frost, P, Peacock, J.: OTIAN - an infrastructure system for networks in the future,
Communications Symposium, Manchester Metropolitan University, 11/12 July 1994,

pp. 97-100.

8. Adams, P, Ferguson, D., Mellis, J.: The commissioning and maintenance of optical fibres
in the Access Networks, 6th International Workshop on Optical Access Network, Kyoto,

16 October 1994.

ZUSAMMENFASSUNG

Eine neue Generation von Produkten flir das

Anschlussnetz

British Telecom (BT) hat jahrelange Erfahrung mit optischen Ubertragungssystemen (Glas-
faser) und deren Infrastrukturen. Als diese Erfahrungen beim Anschlussteil des Netzwerkes
angewandt wurden, resultierte daraus die Bildung einer neuen Serie von Anforderungen
fiir die Glasfaser-Infrastruktur. Dies sind optische Telekommunikations-Infrastrukturen fiir
das Anschlussnetz. Auf Einladung von BT hat Raychem eine FIST-Technologie entwickelt, um
allen Anforderungen des Glasfaser-Anschlussnetzes gerecht zu werden.

Conclusions

With reference to the investigation
hypothe5|s it is concluded that:
— optical fibre in the Access Network
is subject to a high level of han-
dling
— losses will occur in fibres associated
with handling operations
the losses induced are predomi-
nately transient in nature
there is sufficient test data to es-
tablish that these losses are system-
affecting and to establish that the
probability of occurrence is signifi-
cant
the above loss mechanism can be
reduced to a non-service-affecting
level by the careful design of infra-
structure plant elements, e.g. a
Raychem FIST product and other
OTIAN compliant products
the Raychem’s FIST product was
shown to greatly reduce the tran-
sient loss mechanism. The product
was seen to prevent transients

from occurring and to reduce losses
to below the service-affecting level.
the Raychem FIST product has a
high optical performance, meeting
all the BT OTIAN criteria, and can
therefore be considered a high-
performance Access Network fibre

delivery system
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